ABSTRACT
Introduction
Medicinal plants have become an important source for the discovery of novel healing agents, which raw extracts from plants and isolated substances have been demonstrated biological activity. Hence, it is important to determine the potential of natural products with biological activity to establish possible harm to normal cells as well as damage to tumor cells, in order to address possible therapeutic uses 1 . . Commonly known as "angico", this is one of the botanical species with medicinal properties most cited by resident populations in an endemic area 3, 4 .
Anadenanthera colubrina (Fabaceae-
According to Albuquerque et al. 5 the extensive knowledge and reports from Anadenanthera colubrina by population that use folk medicine, followed by the fact that it is a native tree with the bark being the most used, its availability is not limited by seasonality. However, there are few scientific data of the reported properties of this medicinal plant by the folk medicine 6 . Lima et al. 7 and Pessoa et al. 8 studied the healing activity of alcoholic extract of angico (Anadenanthera colubrina (Vell) Brenan) and noted accelerated healing properties in injured tissue, suggesting that this plant present potential medicial properties.
Wound healing is a dynamic process in which the interplay betwee mediators, blood cells and extracelular matrix leads to the regeneration of the inner or outer body surface. After 24-36 h the fibrin clot is infiltrated by macrophages and granulocytes. The following reparative phase comprises the formation of granulation tissue by the sprouting of capillaries and fibroblasts. Subsequently, the granulation tissue is altered by further resorption of the exudate and distinct collagen synthesis into mature scar tissue.
This process can last for weeks to months 9 . It should be noted that the stage of remodeling of the extracellular matrix is the period of consolidation, enhancing wound. The deposition, clustering and collagen remodeling are responsible for increased tensile strength and decreased scar size 10, 11 .
Based on the above considerations, we decided to investigate the effects of alcoholic extract of the bark of Anadenanthera colubrina in the healing process of the skin of rats.
Methods
The study protocol was approved by the Animal Ethics With a surgical blade and blunt scissors, incisions were made in skin and subcutaneous tissue on the right and left sides of the thoracic region, separated by a distance of 2 cm. The tissue was dissected and removed leaving exposed the adjacent fascia.
Immediately after surgical excision the wounds of the control (Ctrl) group located on the right antimere received daily topical applications of saline (sodium chloride 0.9%), whereas the treated (Treat) group with wounds located in the left antimere received daily topical applications of alcoholic extract of "angico" 5%.
The animals were then divided into four groups according to the time of application of the extract or saline. G4 group -four days of application, G7 group -seven days of application; G14
group -14 days of application; G21 group -21 days of application.
Euthanasia was performed by deepening of anesthesia.
Preparation of the extract of Anadenanthera colubrina var. cebil
The inner bark and outer bark of Angico (Anadenanthera colubrina var. cebil) were collected during the morning in November in the city of Pombos, Pernambuco. The plant was identified by a plant taxonomist by comparison with an exemplary deposited in the Sergio Tavares Herbarium of the Forest Science Department of UFRPE (specimen number: 17242).
The extract was prepared from the bark of a tree at the Pharmacy Department of the Pharmacognosy Laboratory, UFPE according to the methodology described by Pessoa et al. 8 . An aliquot equivalent to 5g of this extract was diluted in 70% ethanol to yield the hydroalcoholic extract at 5% and was kept in an amber glass container at room temperature until the experiment.
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On 4th, 7th, 14th and 21th days after surgery, the wounds of each group were measured with the aid of a caliper graph (King Tools).
To calculate the injured areas the major and minor diameters were observed. From these data the wound area (A) was calculated as A = p.Rr, being R the larger radius and r the smaller radius of the wound.
The calculation of the average degree of contraction After macroscopic analysis of the respective groups the animals were anesthetized with isoflurane, administered to animals from each group (G4, G7, G14 and G21). Then, a wound fragment was dissected with a 0.5 cm margin of healthy skin around the lesion, and processed for histological analysis.
Histological analysis
After 24h in 10% formaldehyde, tissue samples were dehydrated in increasing concentrations of ethyl alcohol, diaphanized in xylene, and embeeded in paraffin. In the middle region of the flap, longitudinal sections (5µm) were obtained parallel to the greater axis of the fragments and stained with hematoxylin-eosin (H.E), Gomori trichrome, and picrosirius red for morphological and morphometric analysis.
Morphometric analysis
Five images of each slide was obtained always immediately below the crust, with the aid of a trinocular biological microscope (NIKON 50i) under x400 magnification and adjusted to a capturing image system. Quantification of fibroblasts was performed in the center of the lesion in an area of 0.66 mm 
Statistical analysis
The data was evaluated by ANOVA complemented by Tukey-Kramer test (p<0.05). Statistical analysis was performed using Assistat software, version 7.6 beta2.0.
Results

It was not identified signs of infection in the wounds
studied. There was no difference in the concentration of neutrophils between Treat and Ctrl lesions; however, it was noted a progressive decrease in neutrophils after the 7th day. Also, data from wound contraction did not differ significantly among the groups (Figure 1 ). 4 ). Blood vessels were also noted at higher concentrations in the groups treated with angico extrat at 4 th and 7 th days, but it decreased in the 21 th day. The degree of skin reepithelization between groups was very similar in all perionds, except at 7 th day, which a sharper epithelialization was observed in the control group.
Discussion
In this experiment we studied the action of bark extract of the angico on open wounds in rats, since these animals are very resistant to infections. We prefered to study the wound healing by secondary intention, because we also aimed to determine the degree of contraction. In our experiment we did not observe differences in the degree of wound contraction when compared the control with the experimental groups in all periods.
The healing of wounds involves biochemical and physiological phenomena, divided into three sets of events:
inflammation, fibroblast phase deposition of extracellular matrix, and matrix remodeling. In such events vasoactive substances, adhesive proteins, growth factors and proteases are released 12 . 
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The clot formation serves to buffer the second degree wounds or Based on the popular experiences angico extract tree is widely used as a healing agent for wounds, with the inner bark, being the most often used part for these purposes 7, 15 . We believe that the favorable results of herbal medicines in the healing process are mainly related to flavonoids and tannins [16] [17] [18] as proanthocyanidins, are known to improve wound healing 16, 17, 20 .
In this atudy, the 4th day evidenced the presence of numerous neutrophils and macrophages and also some fibroblasts in the lesion site, which corroborates the findings of Simoes et al.
21
, which identified the presence of these cells in the 3th day. The initial lesion and coagulation, platelet mediated to thrombus formation, release factors (serotonin, histamine, bradykinin, prostaglandins, and other neurotransmitters) that promote the migration of leukocytes, macrophages, fibroblasts and mesenchymal cells to the affected area 21 .
Angiogenesis is essential for diffusion of oxygen in ischemic or newly formed tissue healing 11, 22 . In this experiment a progressive increase in the number of capillaries on days 4, 7 and 14 was observed, confirming the findings of Estevão et al. 23 , which applied essential oil of aroeira in skin healing in rats.
Sanchez-Neto et al. 24 studied the action of papain on skin wounds in rats, and observed more fibroblasts and collagen fibers in the treated groups. Thus our results are similar to the findings of these authors, since at the 7th day postoperatively, the difference in the number of fibroblasts, as well as the percentage of collagen at 7 th and14 th days were signicant higher in the group treated with angico extract.
The findings of this experiment also corroborates the research done by Simões et al.
25
, who observed a higher amount of fibroblasts in skin wounds of rats at 7 days postoperatively. In this experiment, after 7 days the skin wounds of Ctrl epithelial lining showed earlier than that of the treated group.
According Majno and Gabbiani showed epithelium only at the edges of wounds. Simões et al. 25 observed that at 21 days lower concentration of fibroblasts and less mature and organized bundles of collagen fibers.
In this experiment the morphometric evaluation did not show significant concentration of fibroblasts between the groups at 21 days PO differences. However, regading the morphology of collagen fibers, the GTreat showed discrete evolution and organization of the collagen fibers, as compared to the GCtrl.
Conclusion
The alcoholic extract of angico bark accelerates the healing process of open wounds in the skin of rats.
